Screening tools can provide an indication of whether a child may have an intellectual disability (ID). Item response theory (IRT) analyses can be used to assess whether the statistical properties of the tools are such that their utility extends beyond their use as a screen for ID. We used non-parametric IRT scaling analyses to investigate whether the Child and Adolescent Intellectual Disability Screening Questionnaire (CAIDS-Q) possessed the statistical properties that would suggest its use could be extended to estimate levels of functional ability and to estimate which, (if any), features associated with intellectual impairment are consistently indicative of lower or higher levels of functional ability. The validity of the two proposed applications was assessed by evaluating whether the CAIDS-Q conformed to the properties of the Monotone Homogeneity Model (MHM), characterised by uni-dimensionality, local independence and latent monotonicity and the Double Monotone Model (DMM), characterised by the assumptions of the MHM and, in addition, of nonintersecting item response functions. We analysed these models using CAIDS-Q data from 319 people referred to child clinical services. Of these, 148 had a diagnosis of ID. The CAIDS-Q was found to conform to the properties of the MHM but not the DMM. In practice, this means that the CAIDS-Q total scores can be used to quickly estimate the level of a person's functional ability. However, items of the CAIDS-Q did not show invariant item ordering, precluding the use of individual items in isolation as accurate indices of a person's level of functional ability.
Introduction
The early recognition of intellectual disability (ID) is important to ensure appropriate support is provided to maximise the child's development (Guralnick, 2005) ; to facilitate access to resources (Goodman & Linn, 2003) ; to inform differential diagnosis; and to highlight situations where genetic testing or counselling may be required (American Academy of Pediatrics, Committee on Children with Disabilities, 2001 ). Many children, however, may not be identified as having ID until they are teenagers (Simonoff et al., 2006) or even young adults (Hamilton, 2006) . One potential reason for this is that diagnosing ID can be complex and time consuming (Ryan, Glass, & Brown, 2007) . The assessment of intellectual functioning, in particular, can cause delays in the diagnostic process because it requires the use of a standardised and validated assessment that is individually administered by an appropriately qualified applied psychologist (British Psychological Society [BPS], 2000) .
This has led to the recognition that screening tools may offer a pragmatic solution in circumstances where there is a desire to reduce waiting times and channel referrals appropriately (BPS 2003) by having a quick method of identifying those individuals who should undergo full assessment. Screening tools may also be used by researchers (see Charman et al., 2007) to identify particular populations of interest, where the need to assess a large number of individuals may make the use of full diagnostic assessments unfeasible.
Screening tools may also be used where there is the need for an early indicator of the potential support needs of children, for example in educational settings (Sonnander, 2000) , while waiting for full diagnostic assessment to take place. Under all of these circumstances, it would be clinically useful if screening tools could provide more information about the potential support needs of the child, to allow service planning to begin at an early stage.
Screening tools, however, tend to use a cut-off score that results in a dichotomous classification of either ID or non-ID, reflecting their aim of identifying individuals who may have ID and who, therefore, should undergo further assessment (McKenzie & Megson, 2012) . If, however, a screening tool was able to give an indication of the extent of the functional ability of a child, or be used to indicate what abilities are expected to develop ahead of others, then it may have additional clinical and research benefits.
Item Response Theory (IRT) analysis can be used to evaluate whether a clinical scale possesses the statistical properties such that it can validly be used in more extended ways in clinical settings (Reise & Waller, 2009 ). For example, while ROC analysis can be used to assess the classification accuracy of a screen for ID (and thus focuses on the range of the trait close to the diagnostic threshold), IRT based techniques focus more explicitly on how the test performs across the full range of the latent trait. Similarly, factor analyses can be useful in assessing the dimensionality of a scale and how well particular items measure identified dimensions, however, there is generally not an explicit focus on how items perform at different locations on these dimensions.
In general, IRT approaches offer many advantages and analysis options that are not readily available in these more traditional approaches to test development (Embretson & Reise, 2000) . Meijer and Baneke (2004) have argued for the utility of non-parametric IRT models, in particular for the analysis of psychopathology scales. Unlike parametric IRT models, non-parametric models do not impose a specific structure on the relation between item responses and the underlying latent trait (the 'item response function' or IRF). This is an advantage when assumptions about the form of the IRF, for example the logistic function, are unrealistic for empirical data. Meijer and Baneke (2004) note that non-parametric IRT models can provide useful information about the performance of items and scales without the need to make these assumptions. In addition, samples in clinical studies tend to be of only modest size due to the relative infrequency of clinical disorders in the population and/or recruitment difficulties. Non-parametric IRT models generally have smaller sample size requirements than parametric IRT models.
Mokken scaling is a non-parametric IRT method that can be used to investigate important and clinically useful properties of scales (e.g., see Stochl, Jones, & Croudace, 2012) . First, it can be investigated whether a scale conforms to the properties of the monotone homogeneity model (MHM) that is characterised by the assumptions of unidimensionality, local independence and latent monotonicity. When the assumptions of MHM hold, it is possible to infer stochastic ordering on the latent trait, that is, that higher test scores are probabilistic indications of a higher level on that trait. Although scale scores are frequently assumed to possess this property, it is important to explicitly test this assumption (Meijer & Baneke, 2004) . In practical terms, evidence that MHM holds for a given scale provides some justification for the use of the scale in clinical practice for tasks that require an ordering of individuals based on severity of the trait of interest (e.g., referral for treatment).
It is also possible to investigate whether a scale conforms to the properties of the double monotonicity model (DMM). This is characterised by the assumptions of the MHM, plus the additional assumption of non-intersection of item response functions. When the DMM holds, items form a consistent hierarchy and both items and people can be characterised by their position on a continuum defined by levels or severity of the latent trait (e.g., 'level of functional ability'). That is, items located at higher levels of the latent trait (e.g., those requiring higher levels of functional ability) tend only to be endorsed if items located at lower levels of the latent trait (e.g., those requiring only a moderate level of functional ability) have also been endorsed. This means that items indicative of a more severe impairment will consistently be endorsed ahead of those indicative of a less severe level of impairment. As such, if DMM holds in a given scale, clinicians may be able to gain important information on the symptomology of a given disorder by the location of specific items on the severity continuum. Furthermore, investigating whether the MHM and DMM hold for a particular scale yields important information on item performance within the scale, and thus allows researchers and test developers to improve the utility of clinical scales.
Several authors have recently championed Mokken scaling in clinical measures as a means of enhancing their clinical utility (e.g., Watson et al., 2012) . For example, Mokken scaling analysis has proven useful in disability research where estimating the severity or predicting the progression of difficulties is a key consideration in understanding and treating a disorder (Kingston et al., 2012; Watson et al., 2012) . Similarly, Murray and McKenzie (2013) Given the importance of early identification of the potential support needs of children with ID, the aim of the present study was to apply Mokken scaling analysis to a child screening tool, to determine if it, and the individual items comprising it, had the statistical properties that would allow it to be informative about an individual's functional ability. The chosen screening tool was the child version of the LDSQ: the Child and Adolescent
Intellectual Disability Screening Questionnaire (CAIDS-Q: McKenzie, Paxton, Murray, for a number of reasons: it was developed specifically as a screen for ID; it was designed to have a very short administration and scoring time; it does not require the user to have a particular professional qualification or training; and a series of studies have found it to have good psychometric properties (see section 2.2). In addition, two recent reviews of screening tools that have been used specifically to screen for ID in children (McKenzie & Megson, 2012) and those that have screened for a range of disabilities, including ID (Maulik & Darmstadt, 2007) indicated that none of the reviewed tools displayed sufficiently robust psychometric properties to recommend their use for specific screening for ID in children. The CAIDS-Q had not been developed at the time of these reviews.
In the present study we, therefore, assessed whether the CAIDS-Q possessed the statistical properties that would allow it to be applied in ways that extend beyond its original application as a screening tool. Specifically, we investigated whether the scale conformed to the MHM and the DMM. This indicated whether scale total scores and individual items respectively could be used to estimate levels of functional ability.
Method

Participants
We conducted analyses on data from the participant sample used in the development and validation of the CAIDS-Q (McKenzie, Paxton, , plus some additional data gathered since the first validation study was published (total N = 319) for which ethical approval had previously been given by the relevant Caldicott Guardians. In Scotland, it is the role of the Caldicott Guardian, on behalf of each health board area, to ensure that patient data are used appropriately for research and audit purposes, where it is not feasible to contact each individual to obtain consent to use existing data. Pre-existing information for children who had been referred to ID/child and adolescent mental health (CAMH) services in four National Health Service areas in Scotland was used for the analyses. Data were collected, where available, in relation to the CAIDS-Q items, Full Scale IQ, whether the individual had been given a diagnosis of ID or not, age at assessment and gender. The reason for referral for each individual was not noted, but all individuals had had an assessment of intellectual and adaptive functioning and developmental history carried out by the service as part of the assessment process. Table 1 contains descriptive information on the age and FSIQ of the sample by gender and ID diagnosis. Of these participants, 148 (male = 88; female = 58; 3 gender unknown) had a diagnosis of ID. Diagnosis of ID was determined, as noted in the case-notes, by the independent clinician based on the diagnostic criteria for ID.
INSERT TABLE 1 HERE
We did not stratify our sample by age because this would have reduced sample size to levels not appropriate for Mokken scaling analysis. We conducted analyses on the 314 cases that had complete data on the CAIDS-Q, which resulted in the deletion of 5 cases from the total sample. Comprehensive descriptions of these samples can be found in McKenzie, Paxton, and McKenzie, Paxton, Michie, et al. (2012) .
Measures
The CAIDS-Q is a seven item instrument developed for the purpose of identifying individuals at risk of having ID. Items are scored dichotomously and refer to the capabilities of the child in several domains in which individuals with ID may experience difficulties, including literacy, self-care, relationships, and previous and current support by specialist services. A percentage score is calculated, with higher scores on the CAIDS-Q being indicative of a higher level of ability. Scores below a certain threshold, which varies depending on a child's age, suggest that the child may have an ID. Thus, based on age group-specific cut-off scores, the CAIDS-Q assigns a child as being likely to have an ID, which suggests that they should undergo full assessment for ID, or as not being likely to have an ID.
Previous research has examined the psychometric properties of the scale in clinical and forensic (McKenzie, Paxton, Michie, et al., 2012) samples and have supported the uni-dimensionality, reliability, criterion validity and predictive ability of the scale. Evaluations with clinical samples of children aged 6-7 years 11 months (McKenzie, and young people aged 8-18 years , have found sensitivity and specificity values of 82% and 83% respectively for the younger group and 96% and 85% for the older group, at the relevant cutoff scores. It has also been found to correlate well with both intellectual (McKenzie, Paxton, and adaptive functioning (McKenzie & Murray, in press) and to perform well when compared with a short form intellectual assessment . It has, not, however, yet been tested whether the CAIDS-Q items conform to the properties of the MHM and DMM.
Mokken procedure
Mokken scaling analysis allows the testing of the assumptions of non-parametric item response models (IRT). The two most popular models are the general non-parametric IRT model: the MHM, and the more restricted DMM (Van der Ark, 2012). The MHM is defined by three assumptions: uni-dimensionality, local independence and latent monotonicity. The DMM is defined by these three assumptions, plus the assumption of non-intersection of item response functions. An explanation of these assumptions and how they are tested is provided in Table 2 . When the assumptions of MHM hold, it is possible to infer stochastic ordering on the latent trait being measured by the scale, that is, that higher test score are probabilistic indications of a higher level on that trait. As the DMM is defined by the additional assumption of non-intersection of item response functions, when it holds it is also possible to infer invariant item ordering for dichotomous items (Van der Ark, 2012). For polytomous items, additional conditions must be met in order to infer invariant item ordering, however, here we analyse dichotomously scored items, making non-intersection of item response functions sufficient to infer invariant item ordering (Sijtsma, Meijer, & Van der Ark, 2011) .
INSERT TABLE 2 HERE
We conducted all analyses in the R package Mokken (Van der Ark, 2007 , 2012 .We first implemented the automated item selection procedure that selects items into scales using a hierarchical clustering algorithm. The algorithm selects items into a given scale beginning with the pair of items with the highest item pair scalability coefficients and proceeds until no more items remain that meet the criteria of a Mokken scale. Given that the CAIDS-Q is assumed to be uni-dimensional, we expected all seven items to be selected into a single scale.
Next, we obtained item scalability coefficients (H i ). These convey information about the relation between an item and the latent trait, reflecting item discrimination and degree of association with the latent trait. Items in the same Mokken scale should all have item scalability coefficients (H i ) larger than .3. We also examined total scale scalability coefficients (H), which express the strength of the scale as a whole. Mokken (1971) recommended the following criteria for judging the strength of Mokken scales: H < .30 is indicative of a weak scale; .4 < H < .5 is indicative of a moderate scale; and H > .5 is indicative of a strong scale.
We then proceeded to investigate the assumption of latent monotonicity. For dichotomous items, latent monotonicity implies manifest monotonicity, making it possible to infer the former from the latter. We checked for violations of manifest monotonicity, that is, instances in which the item response function does not increase with the level of the latent trait. As recommended by Van der Ark (2007), we ignored trivially small violations by considering violations that exceeded a certain minimum size only. For this purpose we adopted the default criterion of the package of a minimum violation size of .03.
Finally, we investigated the assumption of non-intersection of item response functions. We did this using the pmatrix method. This method examines the proportion of relative positive response, that is, P(++) and proportion of relative negative response, that is, P(--) item matrices. If non-intersection holds, P(++) should be non-decreasing across all its rows and columns and P(--) should be non-increasing across all its rows and columns. As in the investigation of manifest monotonicity, it is desirable to ignore trivially small violations of non-intersection. We, therefore, again adopted the program default minimum size of violation of .03 as the threshold below which violations were not considered.
Results
The automated item selection procedure selected all items of the CAIDS-Q into the same Mokken scale, leaving no items unselected. The item scalability coefficients for items and item-pairs within this scale are provided in Table 3 , together with the percentages of endorsement for each item.
INSERT TABLE 3 HERE
The pmatrix method revealed a number of significant violations of the assumption of non-intersection of the item response function. These were spread across six of the seven items and could not be easily addressed by deletion of only a few items. Consistent with this, percentage endorsement of the items in the scale were, with the exception of the 'School Support' item, close in magnitude. The 'School Support' item was endorsed only 28% of the time whereas the other 6 items had percentage endorsements within a narrow range of 53-58%. Thus, items for the most part, had similar locations along the latent trait continuum.
Discussion
In the present study we investigated whether the ID screening tool for children, the CAIDS-Q, conformed to the properties of the MHM and DMM. We found that all of the CAIDS-Q item scalability coefficients were greater than the recommended minimum of .30.
The total scale scalability coefficient was .60, which, according to Mokken's (1971) criteria, is indicative of a strong scale. No significant violations of manifest monotonicity were identified, suggesting that the assumption of latent monotonicity held for the scale in the present data.
By contrast, the assumption of the DMM of non-intersection of item response functions was violated, necessitating the rejection of the DMM for the present data. As a result, while the CAIDS-Q items exhibit the property of stochastic ordering by level of the latent trait, the ordering of the items is not invariant across individuals.
In practice, these results mean that the CAIDS-Q total scores can be used by clinicians or researchers to obtain a quick estimate of an individual's level of functional ability, without the need for a full and lengthy assessment. However, individual items cannot be used to approximate functional ability levels. In a clinical context the ability to use the scale total scores to estimate functional ability is likely to be particularly useful in situations where there may be a lengthy wait for formal diagnosis, but an early indicator of the potential support needs of a child is needed to allow planning for support to begin. It may be equally useful in forensic settings, where a quick and easy indicator of the functional abilities of a young person may allow potentially vulnerable young offenders to be identified and supported at an early stage (Ford et al., 2008) . Similarly, researchers may find it useful to have an indication of functional ability in order to be able to match intellectually impaired individuals with controls, without the need for full diagnostic assessments that can be timeconsuming (Winters, Collett, & Myers, 2005) and expensive to administer.
Conformity to the MHM also makes the tool potentially useful for tracking the developmental progress of an individual over time, if it is assumed that the betweenindividuals' observation of increasing scores indicating improvements in functional abilities also holds within individuals. Our sample included individuals with ID but also individuals with impairments that were not severe enough to merit this diagnosis. Our results, are, therefore, not limited to individuals with ID, but apply to those children and young people who have below average levels of cognitive and adaptive functioning. Nevertheless, the possibility that scores increase over time for individuals as they develop, as they do across individuals will require further investigation, particularly given that individuals with more severe intellectual impairments may plateau at a relatively early developmental stage.
Although scale scores for the CAIDS-Q may, therefore, have utility beyond indicating the presence or absence of ID, the fact that the DMM did not fit in the present sample implies that individual items of the CAIDS-Q used in isolation are not necessarily a reliable indication of an individual's level of functional ability. There are several possible reasons why the DMM did not hold in the present study. First, it may be related to the selection of items that are too similar in terms of their difficulty or location along the continuum of the latent trait. Although this may be seen as a weakness in the current context, it may actually be a strength in the context of screening instruments, where it is desirable to maximise the amount of information the test conveys about trait levels in and around the level representing a diagnostic threshold. Thus, it is not surprising that the CAIDS-Q, which was designed as a screening tool for ID, would show a restricted range of item difficulties. This could result in item response functions being close together and making violations of their non-intersection more likely to happen because it is easier for an individual's pattern of responses to differ from that expected just due to chance. Indeed, in the present study, the percentage endorsement of items was generally quite similar, suggesting that this may have been the case. The current findings may be useful for future psychometric extensions of the CAIDS-Q, and suggests that items should be added that show a greater range of difficulty.
In a previous study, it was found that the adult version of the CAIDS-Q, the LDSQ, did in fact conform to the properties of the DMM, with the exception of 1 item . The 6 LDSQ items that conformed to the DMM showed greater variability in item endorsement than that observed in the present study and were endorsed 25%, 28%, 29%, 37%, 41% and 65% of the time respectively. The differences in variability in item endorsement may explain the discrepancy between the DMM results in this and the LDSQ study. They suggest that the LDSQ may contain items that span a greater breadth of the functional ability continuum.
Another reason why the DMM may not have held in the present data is that developmental trajectories for different skills and abilities vary with ID aetiology. The CAIDS-Q includes items that are heterogeneous in content and could be argued to include skills in the social, visuo-spatial, perceptual, verbal and general intellectual ability domains.
These various domains are known to be affected differently in various disorders that are related to ID. For example, social skills are especially impaired in those with ID when it is co-morbid with an autism spectrum disorder [ASD] (Matson, Mayville, Lott, Bielecki, & Logan, 2003) , and it has been estimated by more recent research that between approximately 17-40% of individuals with ID also have ASD (see Matson & Shoemaker, 2009, for an overview) . This could mean, for example, that even if making friends was in general considered to be an easier task than telling the time, a person with ASD may experience the latter to be the easier task. This could manifest in Mokken scaling as violations of nonintersection for these two items in a number of individuals with a diagnosis of ASD. There is also evidence that the developmental trajectories of skills in different domains varies according to ID aetiology, providing further opportunities for such violations of non-intersection (Anderson, 1998) . Note that the although the CAIDS-Q has an item referring to having friendships, the adult version of the screening tool (the LDSQ), does not, making it less vulnerable to conflating severity of ASD with severity of intellectual impairment.
The DMM may also not have held because of the heterogeneity of the sample. It is expected that a person's level of functional ability would be both a function of age and of their IQ. This means additional scope for violations of the DMM, because, if the items do not form a consistent hierarchy, either across different age groups or across different IQ levels (or of ID severity), then it will not hold in a sample that is heterogeneous with respect to both.
In the present sample, we did not have sufficient data to conduct analyses separately for different aetiologies of ID, or to stratify by age or FSIQ, but this would be an interesting future study. Indeed, Mokken scaling is likely to be useful in determining the consistency with which skills in different domains are acquired in both children with neurodevelopmental disorders and in typically developing children.
Although recruitment difficulties and the relative infrequency of individuals with ID often restrict sample sizes, it would be a valuable future direction to collect sufficient data to conduct age and aetiology stratified analyses. Our results suggest that the CAIDS-Q can be used to estimate functional ability more generally in age heterogeneous samples. Collecting normative data for functional ability scores as measured by the CAIDS-Q at different ages would allow the scores for an individual to be compared with the expected score for an individual of their age, providing an estimate not only of their functional ability, but also how this translates into severity of ID. Such information would be highly informative, as functional ability in childhood would be expected to be strongly dependent on both age and the severity of the ID.
More generally, we believe that increased application of IRT based analyses can be useful in advancing the study of ID and below average functional ability in children. In the present study, we employed the technique to evaluate the scaling properties of the CAIDS-Q total scores and items, but the possibilities offered by IRT are much broader. It can also be used to investigate differential item functioning, in computer adaptive testing, and in placing items from different measures on to the same scale (Reise & Waller, 2009 ). For example, Wuang and Su (2008) used IRT based analyses to assess differential item functioning of a measure of visuo-motor integration across males and females with ID. Overall, however, the use of IRT in ID research has been fairly limited, in spite of a general trend for its increased use elsewhere.
Finally, it is important to note the limitations of our study. As we have noted above, our sample was not large enough to conduct stratified analyses. It would be useful in future studies to examine the scale stratified by age, sex, and aetiology in particular. In addition, the generalisability of our results is, thus far, limited to the kinds of participants included in the sample, that is, clinically referred children with low IQ on average.
In addition, although we have highlighted the benefits of the Mokken scaling procedure it also has some limitations. For example, parametric IRT models, though less flexible and requiring larger sample sizes, have the advantage over Mokken models of providing richer information on item performance.
Conclusion
We showed that the CAIDS-Q conforms to the properties of the MHM but not the DMM.
This means that the scale can be validly used to estimate the level of functional ability of a child, rather than just providing a dichotomous 'yes', 'no' answer to the question of whether or not a child is likely to have ID. Note: n within cells denotes the amount of available data used for calculations. Table 2 Explanation of Model Assumption and Clinical Implications for the CAIDS-Q
Assumption
Explanation Clinical Implication
Uni-dimensionality Responses to items are caused by a uni-dimensional latent trait.
The scale measures functional ability as a unitary construct.
Local independence Items are independent conditional on the latent common factor.
Responses to items are not be related to responses on other items except by virtue of the the fact that they all measure the same underlying construct of functional ability.
Monotonicity
As the level of a latent trait increases, the probability of endorsing an item increases or stays the same 
